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SUNMARY
sTN3iLITY
A theoreticalinvesti.ati.onhas been made to determinethe
effectof vari8.tionsin the lateral-6tabilityderivatives,wing
—.
loading,altitude,end radii of @atIon on the combinationof
directionalstabilityand efftictlvedihedralrequiredfor lateral
stabilityat the landingand cruisingcondition. The spiral-
-
stabilityand oscillatory-stabilityboundarieswere ccmputedfor
a hypotheticalairplanewith the wings sweptback 60° and of
aspectratio& for the case in which the principalLx@tudinal
axis of “theairplaneis in line%-iththe flightpath-andalso for
.
u
the case in which the princiyalaxis is inclinedabove be flight
path at the nose, therebyintroduci~ prcduct-of-inertiaterms in
the lateralequationsof moti”bn.
.-
The reeultsof the invostlgationshowedthatan airplanewith
a high wing loadingdesignedfor high-speedend high-altitudeflight’
wouldbe laterallystableif the momentsof’inertia,the location”
of tie principallongitudinalexis of the airplahe, and the value of.
the damping-in-rollderivative (?2
P
were properlyselected. The
inclinationof the principallongitudinalaxis abovetie flight
path at the nose caused a stxibilizing shiftin the oscillatory- ‘
stabilityboundarybut did not affectthe spiral-stabilityboundary.
When the principalaxiswas inclinedabovethe flightpath,a
stabilizingshiftoccurredh the oscillatory-stabilityboundary
as eitherthe radiuscf gyrationin roll ~. or the radius of
gyrationin yaw Q,. was reduced;whereas,for the casein which the
principalaxis was alinedwith the flightpath,the stableregion
increasedas either ~. ‘Jasdecreasedor &o was increaeedabove
a criticalvalue. Below this criticalvalue of kxo, a docreme
in kxo increasedtie stablerange of the effective-dihedral
iierivativeC2
P
for a givendirectional-stabilityderivative Cn .
B
‘“,
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. As the~~ loadingor altitudewas increased,the stableregion
decreased. The effectof variationsof the stabilitydertvativcm
was more ~onovnced ~or the caae of finiteproduct of inertiathan
for the cam of zeroprcductof inertia.
A theoreticalinvesti~ationhas been camied out to determine
the caibinaticmof directionalstabilityad effechivedihedral
requ~redfor the lateralstabilityof aircraftequippedwith swept-
back wings and designedfor higlh-speedand high-altitudefli~ht.
Becausevery littletheoretical or experimentaldata are available
at presenton the stabiM.tyderiva$lves CZPJ Czr> %p$ and %p
contributedhy swept-backwings,the valuesof thesedOriVatiVOS
were variedin the stabilitycalazl.atione.The investigationalso -,
includedthe effectof altitude,@_nglcaUng, raditof gyration,
and productof inertiaon tho lateral-etabflitylouuderios., This .
papsr f.san extemxl.cmof the tmestigatbn given in referonm 1.
Similarinvestigationsere presentedin references2 end 3 but thp ‘
rmge of parameterscovorochereinis of a differentordorof
v
magnitudefrom the parametersinvestigatedin references2 nrd 3:
Calcul.ahionsswere MO of the spiral-stibilityand oscillatory-
stabllttyboundariesfor landingaud cruiflingflightfor a hypothetical
airplanewith the wings swept%ack @o and o? aspectratio~i,hut
the cauchsions drawnare applicableto artyWm3 of airplane
characterizedby
computat.icomare
derivative Cn
P
- ..
the parametersemployed.‘The-results~f the
plottedas a functionof the directional-stability
and effective-ddhedzm,lderivative C, .
SYMBOLSAND
($ angleof bemk,radians
* em@e of azimuti,radi8ns
COEI!FICIENTS
.-
P engleof sideslip,radians[v/V] l
v sfdeslipvelocityalongthe Y-axi~ 8:
v airspeed,feetper second
.
P zmss densityof air, slugsper cubicfoot
.—
-.—.
.. ,, ---
.’.\“
.
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-c pressure ( ?), poundsper squarefoot 15P
wing span,feet
wing area,squarefeet
distancefrom centerof gravityof airplaneta centerof
yressureof fin, feet
weightof airplaiie,pounds
mfbssof airplane,slvg~ (W/g)
accelerationof gravity,feet per secondper fiecond
{In )‘ektiveaensityfactiri=
3
an@e of attack of ..rtici~allon@tudinalaxis of airplane,
positivewhen princip.1axis is dboveflightpath at the
nose,degrees(seefig. 1)
anglebetweenreferenceaxis and horizontalaxis,“positive
when referenceaxie i6 abovehorizontala~is,degrees
(seefig. L)
anglebetweenreferenceaxis and principalaxis,positive
when referenceaxis is above-principalaxis, degrees
(seefid. 1)
angle of flightpath to horizontalaxis,posttiveIn a climb,
degrees(see fig. 1)
radiusof gyrationin roll a%outprincipallongitudinalaxis,
feet
radiusof gyration in yaw aboutprincipalnomal axis,feet
moment-of-lnertia
()
mk~02
axis —
qbs
mment-of-inertia
()
*02
axis
qbs
coefficientabca.ztprincipalIongitudind
coefficientabout@rLcipal normal
.-
—.
-.
.—
.;
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moment-of-fnortiacoefficientaboutflightwath axis
.
l
)+
IX (Ixo 2COE2T-!-Iz )sin qo
moment-of-inertiacoefficientaboutaxisnomal to flight
(
/:2
path IZO cos2q’+Ix )sin qo
IZ
product-of-inertiacoefficientwith respectto flight-pathIxz
axis mid aXi8 IIOITId to flightpath
()W Cos 7trim lift coefficient ——-qs
rolling-momentcoefficient
( )
Rollingmoment
qn -
( )Yawingmomentcoefficient —.—-qu% ‘“yawing-mcx5ent
lateral-force
Cn
‘,
coefficient
t )
ateral force
@
~awin:~aryjularvelocity,radldnsper eecond (d$/dt)
[d$/dt)rollingangularvelocity,radims per secon~.
effective-dthedral.derivative,rate of changeof rolling-
()
nomentcoeff’icioutwith angleof Qidmlipj per radian
W+w
c
‘B
directione.1-stabilityderivative,rate of chengeof yawing-
qoment,coefficientwith angleof sideslip,per radian
Cy
B
lateral-forcederivative.rate of cheuweof lateral-force
coefficientwith angleof Sideslip,-per radian
t
derivative,rate of chmge cE yawing-moment
with yawfng-angular-veloci$yfactor,per radi& i-
i *“
c%?dmplng-in-yawcoefficif3nt
64.
/:
.
J
I
.
.
w
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%
c1
?
%r
%P
h, ‘
t
D
A
A
R
L
P
‘1/2
rate of chan&eof yawhg ammmt coefftci.entwith rolling-‘
engular-volocitiJfactor,per radian
(/)
Wn g+
da@ng-in-roll derivative,rate of chan~eof rolling~nt
coefficientwith rollhg=mgular -velociti~factor,per radian
rate of changeof rollingmament coefflcientwith yauing-
rate of changeof latcmal-forcocoefficientwith rolling-
(/)amgular-velocity’factor,2ex rad.iezz tiy $+ ,.
rate of ch~e of lateral-forcecoefficient~~ yawimg-
tine, seccmds
differentialoperator (d/d%)
angleof sweepbe,ck,‘-egrebs
aspectratio of whg
Routh’sdiscrlndnant
complexroot of stabilj.tyequation ‘(c* idl
period02 oscillation,seconds
time for amplitudeof oscillationto changeby factorofl
2 ~nega.tivevalue ind~ca.tesa decreaseto half emplitude
positivevaluetidicatesan increaseto doubleamplltude~
9,
.“
l
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EQUATIONSOF MOTION
I
The linearizedequationsof motion,referredto stehilityaxes,
used to calculatethe spiral-stabilityand oscillatory-stability
boundariesfor any flightcondition,are:
,: . . ....-
-.
Rolling ~~
; ,- -.,.
;—
,“
(
& D2 )(‘C$$-”D$ - IXZD2 +-c% D)* ‘Cz$ = O
Yawing k --- *-. t ,--- --=
..._
( )(IZD2-C. D$- I= D2+C. Dv n# )@ - Cn$l = o
Sideslipping — A +
where
and
When
for p in
<
-.
)(D@ )(- cL+cyj D@- cL@y+ey- )$Dv-%$$”o
... .-
c~~ ()
b
~
= %p.~
()= Czr ~Cw b
Cy = Q%)
()C3=C+%
Cy$ ()= Cyp&
Cyi ()= Cyr ~+
Lti Xt# ekt is substitutedfor #, ~~oe for $, and. 13Qeo
the equationswrittenin determinantform, X must be a
—
.
.
,
1
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.
root of the equation
AX4+BL3+CA.2+EX+F =0
.
-,
..
.
.
.
—. .
.
7
. -.
.—
The condition=necessqryfor neutraloscillatorystabilityare
that the coefficientsA, B, C, and E must be posttiveand Routh‘e
aimmminmt, R = BCE - ~2 - B2F,:bust equalzero. The condition
. necessaryfor neutralspiralstabilityis F = O. The completely
stableregionis thereforeboundedby the boundaries R = O and
F = O, whichare plottedas a functionof the directional-stability9 derivative C and the effective-dihedralderivative CZ .
% P
-—
l
.
.-.. —— —- -—— -—
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STABILITYDERIVATIVESAND MASS CHARACTERISTICS
The ‘basicvaluesof the stabilityderivativesend mass
characteristicsof the hypotheticalairplanewith the wings swept
back &3° ae givenin tableI. The derivatives.Cn and C3P are
B
assumedto be varjabl.esin the calculations.The effectof the
variousparametersinveetifi.~.tedon the stabilityboundarieswas
determinedby varyingofieparameterwhile the otherparameters
maintainedthe valuesshownin tableI.
The valuesof the parameter thatvariedfrom thebasicvalues
of tableI and the figuresin wn~ch the resultsof the calculations
are Tlottedare presentedin tableII. The valuesof ~ of 2°
and 5° wege arbitrarilyselectedfor the investigation.The value
of q = 2 reprezsnte the crrd~ingconditioni.nwhich the airplane
is trimmedat a smallangleof attack;whereasthe value of q = 5°
representsthe landingconditionwith flapsdown. If for either
case, ?l is largerthan the valuesshownin talle11, the
calculationswould indica% a greaterincyeasein the .statleregion.
~S~J~ AND DISCUSSION
The resultscf tho inve~tigationare presentedin a series
of figureswhichshow the oscillatory-stabilityand epiral-stability
boundariesae a functionof Cn~ and Cl .P
Figures2 and 3 show
the regionof completestibili.tybounded%y the stahil~tyWoundaies
for landi~ and cruisingflight,respectively.The solid R = O
curveot eachfigurerepresentsthe oscillatory-stabilityboundary
for the airplm-ewith its princi=l axis in linewith the flight
path;whereasthe dashedcurverepresentsthe R = O boundaryfor
the same airplanewith the principalaxis inclinedabove the flight
path. The angleof attackof the principal.lor@tudinalaxis of the
airplane q is given in c.chfigure. The spiral-stabilityboundary
(N = O) plottedin each figureappliesto both sets cf calculations
sincethisboundaryis not a functionof the productof inert5a.
The wind-tunnelresultsfor a wing aweptback 600 (reference4)
indicateda variationof Cz
P
fromo to ~.ps as ‘CL ficrea~ed
fromOto 0.7. The probablerangeof v8riationof Cn is fron O.05
P
to 0.25. With regardto oscillatorystability,therefore,the
probableregionof the combinationof Cn6 and cl is locatedB
.
l
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—
\
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almostentj.relyin the unetablere@cn for the case in which the
princi~l axis.is alinedwith the flightpath%ut entirelytithe
stablei-egionfor the case in which the principalaxis is inclined
abovethe flightpath.
The curvesshownin f@ure 4 tiid.icatehe factorsmainly
responsiblefor the largestabilizingshiftin the R = O boundary
for the case in which the principalaxis is inclined.above the
flightpath. Thei?ecurves,labeled1 to 5 in figuzze4, represent
the R = O boundariesobtainedby omittingeeveraltermsin the
expressionfar R = 0. The oscillatory-stabilit~boundariesof
figures2 and 3 are replottd in figvresk(a) and k(b),respectively,
as curves1 and ~. All the product-cf-inertiafactorsare omitted
from the calculationsof curve1 but are includedin the calculations
for curve5. The calcul..at~onsfor curve2 includeall the IXZ-factors
the calcul.ationefor curve S-inkde only the term containingthe
factor TXZ2*CZ Cl”. A comparisonof curves2 and 3 in figurek
fi$
showsthat the largestabilizingshiftin R = O is causedmainly
by the factor IXZ~ CIPCu~. If all termscombinedwith the
2bMC~factor InY ~ but no other pro~uct-of-inertiafactoroccurin
the expressionfor R
,-
= O, an additionalstabilizingshiftin the
boundaryfrom curve 3 to curve4 occurs. T%is curvek is a goad
ap~oximationof the R = O equationwhich inclt:desthe terms~th
all the product-of-inertiafactore. Inasmuchas the product
of .2* %nd any one of the derivatives
v
%& %+& %$> %$2 %jO
or Cy;f is independeritof v .and constantfGr a Given ~
(
for example,
b
y %$ )= %pGJ~ ? it mi@t appearthatthe —
2b~
factor IE~
C2E%
is independentof V. This fact is not true,
however,becausethe-factor C2S
9
usuallyapyearsin comhir.ation
with a second ~-factor ha~ing ~. ?W.e ~z.
~v ‘P !$
essentiallya
directfunctionof V.
The dampingand periodof the lateraloscillationin seconds
for thebasic conditionsare shownin figures5 and 6. The values
of c end d, the real and ima@nary parts of the complexroot of
l
——
— —- — —
--
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the stehilityequation,are relatedto the dampin~emd periodof
the lateraloscillationby the equations
~=6*28 .-.
T
In generalthe periodof the oscillationdscrea6edas Cn or Cl
P P
increasedand the dampingincreasedwith an incl”easein Cn but
B
decrea~edwith an increaseh CZP- The effectof productcf inertia
was to increasethe negativeslopesof the Mnes of constantperiod
and also to rotatethe linesof constantdamTingin a stable
direction.
llffectof Stability
Althoughthe aeeumed
conditionwas supersonic,
. .
8
.L-
Derivativeson StabilityBoundaries i .
velocitycf the airplenein the cruisln~
the compor.entnormalto the leadingedge of
c.
the swept-backwing was subsonic. The valuesof the derivativesC~p,
Ctr, and c
%
used in this investigationwere obtainedfrou incom-
pressiblestriptheorywith the asswqtion that the velocityeffective
in obtainingliftwas equalto V cos i~,aad the root and tip effects
were neglected. The effectof thesestabilityderiv’ativeeon the
oscillatory-~tabilitybcundarieawas determinedby varyingeach of
the derivativesCtp, Cli.,~d C
%
independentl~’.The syiral-
stabilityboundaryIs also ci’fected-bythesederivativesbut the
result8are not-preseiltedbecause,in general,this%oundaryiG
Uriimportitsincethe pilot can readilycontrola spiral~ Unetalle
airplane.
Far the landingcondition,the valuesof Ctr and Cnp were
variedHO percentbut only the variationin the %lUO of Czr caused
any chmge in the R = O boundary. Figure7 showsa slight
stabilizingshiftin R = O for q = 0° md 5° as Czr is increased”
Unpubli~hedwind-tunnelresultsof a swept-backwing ~howedthat C
3
reversedits signfromnegativeto pa~tive as CL was increasedand
B
J ..
-—
—
!!–-
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also that the swept-backwing contributedpositive ~ . Supplementary
P
calculationwere made to determinethe eff9ctof positive C and
%
and.Qositive Cy on the R = O ““boundary:and the resultsshownin
P
figuresG and g indicatea slightincreasein the stableregion
.
for q = 0° and 5° aa Cnp and Cy was increased. The effectP“
of c1 on the R = O boundaryfor an airplaneof two different
P
wing loadings,~=.80 and 120, is shcwnLnfi.gure10. The Mft
coefficientof both airplsneswas kept the sameby increasingthe
landingspeedof the heavierairplane. The resultsindicatethat,
. forq= 0° b.nincreasein the airplsnbwing loadingdecreasedthe
? effectof a’variaticmof Cz on the cMciIlatoryboundary;whereasP
for ~ = 5°, the variation in Cl cauGeda proportionalshift
P
in R = O, whichwas independentof wing load*@.
For cruisingflightand at TI= 0° and 2°, the valuesof Clr
.
and C
%
were varied@ percentbut the resultsi.ndicatoda
negligiblechangein the R = O bountiry. me effectof positive C%’
.
and
or
r
positive %p on the R = O bOUIldaryiS shownin fi~s ~
12. In both casesthe stableregionincreasedas either C%
~p was ticreased. me damping-invollderivative Cl wa~
P
increasedfromO to @:394 whichresultedin a markedstabilizing
shiftin the R = 2@ but a ve~~ slightchange
inR=
O bound~yo~r( f:87 l?)s
. 0 loundaryfor q The resultsin figure10
for q = 5° sniiin figure13 for T = 2 c~=irm the resultsshown
in figure4 that the stabilizingshifth the R = ~boundary iS
~zz+ c1 CIQ.causedby the factor I It is interestingto note that
when q = 0° $ p Czr,the derivatives Ctp, andc % couldbo reduced
to zero without seriouslyaffectingthe oscillatory-stabilityboundary.
The shiftin the oscillatory-stabilityboundaryresultfngfrom
the variationof the stabilityderivativeswas generallymore pronounced
for the case in which the principalaxis was inclinedabove the
flightpath than for the case in which the principalaxiswas alined
.wlththe fli@t path (n = OO).
.
3.2
.
--
The effect
Effeet of Wing Loadinfl
of wing loading on the
.
and Altitude
R = () botiwy w’S.S
was varieddirectlywithwing loading,thus’conwta.ntvelocitywas
ma~.ntained;whereasin the othercase the v~locitywas variedin
-.
sucha msmner as to maintain’the samelift coefficient.Fi~s 1)4
and 15 show the resultsoltainedfor the case in which the velocity
was maintainedconstantfor landingand crulsin~flight,respectively.
Both fIguresindicatea decreasein the s~ble regionas theying
loadingis increased.For q = 0° the resuitsa~ee with those
obtainedin references2 and 3 wherefor an increasein CL or v
the stibleregionis sho%m to decrease, For q = 2° the stabilizing
. .
effectof the factor In2~ CZpcz#j whichincreaseswith pJ is
introducedin the R = O calculation. The resultsizidicate,however,
that the destabilizingeffect.of CL end p is more pronouncedthan
the stabilizingeffectof the factor Iu2~ C7PCz~.
The resultsobtainedon the assumptionof constantlift coefficient
We proaen.tedin figure16 for landingcondlti.on.ti in fiwa 17
for crulci~ flight, Figures16 and 17 showa decreasein the stalle
regionas the wirqjloadingIs increasedhut not so l.ar~a decrease
as that indicabd in fi~es lltand 17. The smallerdecreasein the
stibleregionis due to the fact tihat he ~stabilizingeffectof CL
doesnot appearin the calculation~.The reasonfor the,deskabili.zing
shiftin R = O must be attributedto the increasein N since p
is the only’variablein the calculations.
Aa the~ringloadingincre~.s, the stabilityboundarynever
exceedsthe %oundarylaleled ~ = m“ in figure17. TMs boundary
is obtainedfor the conditionin which the velocityis changedwith
wing loadingin sucha manneras to keeg the lift coefficientconstant.
The onlyfactorin the equations which therefore increases with wi~
10Sdin& i8 ~. As shownpreviously,the ~roductof ~ and any
.-
one of the derivativesCng, clg, Cnr Cti %q, or Cy$ is
constantfor a given CL. The expression~orthe oscillatory”
stabilityboundaryfor the limitingcase
- = @ simplifiesfor~-
.
.
.
7d.
l -
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the case in which
%
R= -IXIZC,Cn -
pP
,.
,.
.,,
~=o” to
lX’%(%*)
13
a
For the case in which the principalaxis is inclinedto the
flightpath
+ 1X14-C4%*)‘ 1xzci3%-
2~
) 1
— + IxzcnpcL
v
1
- Ixz%fq .
me spiral.-stabilityboundaryfor figures14 and 16 and for
figures 15 and 17 are the same as the curvesof F = O plottedin
.
figures2 and 3, respectively, and thereforeare omittedin figures14
to 17* This boundary applies to the three values of wing loading
investigated inasmuch as F = O is independentof wing loading.
The effeet of altitudeon the R = O boundarywas determined
on the assumptionthat the velocityvariedwith altitudeta maintain
constant lift coefficient.The computatimsmade for the variation
of wing loadingwhilekeepi~~the lift coefficientconstantare
thereforeapplicableb show &e effectof altitude.
Figures16 &nd.17 are replotted in figures 18 and 19 to indicate
the effect of altitudeon the oscillatory-stabilityboundary. !T!he
wing loadingof the airplanein both figuresis assumedto Ie &).
As the altitudewas increased,the value of Cn
P
requiredfor
—
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oscillatorystabilityalso increased.The boundaryfor infinite
altitudeshownin figure19 was calculatedto show that the R = O
loundarywouldneverexceedthisboundaryas altitudeis increased.
Effectof Radii of Gyration
The presenttrendis to designhigh-speedairplaneswith long
slenderfuselagesand to equipthe airplanewith swept-tackor low-
asyect-ratiowings,whichwill resultin an increasein the radius
of gyration in yaw kz snd a decreasein the radiusof gyration
o
in roll kx .
0/Theratio kz kxo
for conventfmalairplanesis
o
approximately2 but, for the
investigation,the ratiowas
,
Effectof kxo and ~o.-
.——
cruisingconditicn, kzo is
‘hypotheticalairplaneselectedfor this
eetimatedto le approximately5.
In figures20 and 21, representingthe
variedfrom 4.fQ to 19.28 while kxo
is kept constantend Icx is variedfrcm 1.01 to 4.04while kzo .
is kept constant. The r~sultsof similarcomputationsfor the
limitj.ngcasesof infinitewing loadingor infin$
&
altitude,as
deecritedin the sectionentitled‘!Effectof Vi
.
oadingand
Altitude,“ are shownin figures22 and 23 and for the landing
condition are shownin figures2)+and 25.
For
that the
or %0
however,
region.
the more
= 0°, the R = O boundariesin figures20 to 25 indicate
s~ble regionis increasedas either ~ is decreased
o
is increasedabovesome criticalvalue. In reference3,
it was foundthatan increasein ~ decreasesthe stable
o
The apparentdifferencebetweenthe two resultsis due to
extensiverangeof parametersused in the presentpaper.
The smallvaluesof ~ consideredin reference3 causethe
o
stalilityof the airplanemotionto dependto a largeextenton the
damping-in-rollderivative cl . If kx is then hcreased the
P o
effectivedampingin roll of the systemdecreases,thm decreasing
tho stabilityof the airplene. With furtherincreasein values
of ~ , however, a critical value is reached beyond which the stable
c1
region,increases with kx t This point is more clearly illustrated
o
by figures26 EUId27. me R = O boundariesfor severalvalues
—
.
a
..
.
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of ~ but for the samevalue Gf km =e plotted
“o
CrGas~Ioiw of figure26 with ~ as ordinateand
are shownin figure27 for CKLB=OO.l, o.3, and 0.5.
15
in figure 26.
c~ as abscissa
B
!l?he circled
points in the figure represent’ the critical values of! kx . Below
the criticalvalue of kXo, an increasein kXo reduces&e stable ,.
range of C2$ for a givei3C hut as kxo%
increai3e8above the “
criticalvalue,the stableregionincreases.As Cn increeses’the
P
criticalpointoccursat a smaller value of ~ and the slopeof
o
the curveabove the
in the stable range
The results in
region is increased
abovesome critical
which ~. or ~.
critical pointdecre~es, thus,a largerincrease
of C2~ is indicatedfor the seineincrement
figures20 to 25, which show ‘fiatthe stable
as eitker b is decreasedor ~ increased
‘O o
value,canbe checkedby consideringthe cases in
me Set equalto inf~i’cy. m eithercase the
--
motionis anaiyzedon the assumptionthatonly two degreesof freedom
remainif either ~ cr ~ is infinite. If kX =~,theA.o ‘o o
oscillationof the airplanein azimuth as determined%y the
stabilityequation
will always damp provi?ed C is pcsitiveinasmuchas C . and Cy
% ‘w $
are functions of C . An increasein ~ thereforeincreasesthe
‘P
stableregion. If kZ = CO,tileexpressi% for the oscillatory-
0 v-
S*bility bGUndaryti
3.(5 t NACA TN NO. 12&
For both.J_@Ung and cruising flight the R = O boundery almost
coincideswith the axis CZ =0. As “~ increases,therefore,
P o
the stableregiondecreases.
F{)r ~ = 2° or ~“, the resultsof the computationshownin l
figure~20 to 25 indicatean entirelydifferenttrend. A’stabili.zinG
shiftin the oscillatory-stabilityboundaryoccursas either ~
o
or kZ is decreased}but a largerincreaseIn the stableregion3s
o
obtainedfor the casein vhich kx is decreasedthan for the case
in which ~ is decreased. The,s~resultscanbe explainedby
analyzing.th~effectof variationsof ~. and kxo on the product
of inertia. With a reduction h either radiusof ~aticm, the
airplanecan moi-eeasilyroll or yaw and the inertia-reaction
momentdue to the productof Inertia, caused IIY the rolli~ or
yawing acceleration, is stabilizi~. AIGOJanincreaseIn the valueof
the Product-of-tnertiacoefficient
whichhas a stabilizingeffecton the R = O boundary,is
obtainedby an increasein kzo or a decreasein kxo. A decrease
in kxo, ‘tierefore=combinesboth stabilizingeffectsand causes
ELlargestabilizingshiftin the oscillatory-stabilityboundary:
For a decreasein ~ o the stabilizingeffectof ‘&e inortia-
reactionmomentis opposedby the destabilizingeffectcausedby
a reductionin 1~, but the resultanteffectis an increasein the
stableregion,not so largehoweveras tJleincreasein tie s~ble
regionobtainedby a decreasein kxol
Effect of ratio kzolkX .-The R =0 boundariesin figures20
0
~a 21 are replottedin figure28 for constant values of the
/
ratio ~ kxo. In thts figurethereis also a plot of tie R = O
boundary~f the hypotheti~latrp- fw kx =2.02, ~o=9*64>
%and & = 4.77, MmdJm?plots based on fig&es 22 to25 =e
~o
presentedin figures29 and 30.
is
For q = 0°, a studyof
greaterthan the critical
the figuresindicatesthafi where ~
. 0
value, the stable regionincreasesas
.
.
.-
..
—.
*
.
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the ratio ~oi~ decreases.
/
JIB kzo ~ is reduced,a greater
o 0
stabilizingshiftin the R = O boundaryis obtainedfor a decrease
h %.; as kzo/~ is increased,a smallerdestabilizingshifta
in R = o occursfor a decreasein ~o. If the v~ue of ~. iS
less thanthe criticalvalue,the sta%leregionincreasesas the
/
ratio ~ kxo decreasesby a reductionin the valueof ~. or as
the ratio”k kx/Zo o increasesby a reductionin the valueof ~ .0
For q = 2° or 5°, the resultsof the calculationsindicatethat
the shiftin the R = O boundaryis independentof the ratio ~~~o
but is a functionof the individualvaluesof ~ and ~ . The
previousdiscussionof the effectof variationso: ~ an: QO oil
o
the oscillatory-sabilitybcmndaryis therefore wplicab~e”
The effectof various
stalility derivative ~n
B
CONCLUSION
parameterson the cotiinationof directional-
~d effective-dihedral derivative Cz
P
requiredfor lateral-stabilityboundarieswas determinedby varying
one pem.meterwhile the othersmaintainedspecifiedbasic values.
For the specifiedvaluesof the fixedparametersthe following
conclusionswere drawnregardingthe effectsof the paran6tersthat
were varied:
1. #.n airplane with a high wing Ioadin+ designed for high-speed
ati hi@-altitudefli~t wouldbe laterallystableif’the momentsof
inertia,the locationof the principallongitudinalaxis of the
airplane,and the valueof the damping-inwollderivative %p were
properlyselected.
2. The inclinationof the principallcmSitudinalaxis a%ove the
flightpath at the nose causeda stabilizingshiftin the oscillatory-
stibilityboundarybut did not affectthe Bpiral-stabilityboundary.
The factorin the expressionfor the oscillatory-stabilityboundary
R = O mainlyrespormiblefor the largestabilizingshiftis
—
18 ‘ NACA TN No. M@
where
In product-of-i~ertia coefficient
1) wing span
P relative-density factor
I
7 airspeed “F”.-~
clB
effeotive-dihedralderivative
b
.
3. For zeroproduct ofinertia end at low speeds,a variation
in the stabilityderivativesintroduceda smll changein the
oscillatory-stabilityboundary. As the win5 l~adingwas increased,
the effectof thesederivativeson the boundarydecreased.At high
speeds,the stshilityderivativesmay be reducedto zerowithout
seriouslyaffectingthe o~cillatory-stabilityboundary.
4. Men the principallongitudinalaxiswas inclinedshovethe
.
flightpath at the nose, therewas a markedincreasein the stable
re~ionas the derivative cl increased,for both landingand
P
cruisingflight. A smallshiftIn the oscillatory-stabilityboundary
.
was causedby changesin the derivativesC
~> %r} ~d Gyp a*
the landingconditionwhereasfor cruisingflighttheeffectwas
ne@igible.
7. For landingand cruisingflight,the stableregiondecreased
as eitherthe wing loadingor,altitudewas Increased- In, the
cruisin~condition,howe~erjthe oscillatory-stability%oundary
approachedq limiting‘curveas the wing loadingor altitudeincreased
indefinitely.Theseresultsapplyfor both zeroand finiteproduct
of inertia.
6. For landing&d cruistn~ flight and for zero pboductof ‘
inertia,the stable,regionwas increaeedwhen eitherthe radiusof
gyrationin.yaw ~o. was decreasedor the radiusof gyrationin .
roll 510was increasedabovea criticalvalue. Below this critical
.
.
bNACA TN No. U?& 19
valueof kxo, a decreasein ~. increasedthe stabler-
of ctB for a given C . The calculationsmade for the case in
‘B ..
~-hich‘theprinci~alaxis was above the fl~~~tpati”indicateda
stshilizingshiftin the oscillatory-stabilityboundarywhen either
the radiusof gyrationin roll or yaw was reduced.
.
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TABm I*- SIYU!KLITY IEKCVA-
OF EYPO!J33ETIOAL
W/S, lb/sqft
s, Sq ft
b, ft
A
2t, ft
p, slug/cuft
V, ft/sec
7, deg
CL
P
kxo, ft
QO, ft
CZP, per radian
%r, Per radian
i
,_ ,.
.,*=;:. . ..
.. .... .
-.
NACA ~Noo 1282
AND MASS CHARACTERISTICS
Landing
80
100
20
4
0.0023
264
0
1.0
54
2.02
9.64
-0 l 197
0.25
-0.0198
-1. 47c~
p(tail
o
0
100
20
4
15
0.0002
1465
‘o
0.372
620
2.02
9.64
-0*197
0.0929
-0.00732
o
0
“1”33%(tail)
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TABlJ311.- VALUESOF PARAMETERSVARIED
[For lading, TI= 10° and 5°; for cruising,q = 0° and 2°
I Landingcondition
I Value IFi$um
Clr
I
o.lz~, 0.375 7
‘c% I
0.0198,-o .CWB, -o.02g7 8
C!y o.~32, 1.3
P
9
c~ o, -0.0985 ~
P
%0 4.82, ~9.28 24
~ 1.01,1.43, 2.86, 4.o4 25, 26
%;ix 2.39, 9“54 30
0
Cruisingcondftion
valLle IFigure
.
NATIONALADVISORY
comm FOR AERONAUTICS
0.04654, 0 l 139
I
.-
0.00732, -0.00366, -o .Ologq U
0.293,2.93 z
o, -0.394 13
I@, b, 120, m - 15, 17
0.186, 0.558 15
0, 0.00088 I 19
4.82, 1.9.28 20, 22
1.01, 4.04 21, 23
2“39, 9“54 I28, 29
—.
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